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To understand the homeostatic mechanisms involved in the regullation of ~ntraocu'iar pressure 
(IdiP), it IS necessary to Identify the elements iolf the central and peripheral nervous system 
invoilued in this control mechanism. In chapter I ,  the data concerning the bnriemat~on of the 
eye related peripheral g~anglia and the anterior eye segment, as revvewed by ten Tusscher 
('1989), are schematically summarized and extended by the most Important recent data. In 
addition, the m~ain immunohisdochemicali data concerning the lrght microscopic obserwations 
on the distribution of a selected number of neuropeptndes withtn eye related nervous, elet-nents 
are surnrnarrzed. Comments are made on the possible function In the regulation of IOP by 
these neuropeptides. The exact function of n~europeptides in the innervation pathways of the 
central and peripheral nervous system is extremely complex and remains larg~ely to be 
elucidated. 
In the present thesis, the interganglionic circuitry of the eye related peripheral ganglia was 
studied, both at th~e light and electron microscopic level, together with the innervatlon of the 
anterior eye segment. For these plurposes, anterograda tracing experime~n'ts were performed 
in rats uslng PhaseoSus vuSgaris-leucoagglutinin (PHA-L) and 3HI-leu~ine autoradiograplhy. In 
addition, immunoh~~stochernislry was undertaken at the light and electron microscopic level Pa 
study the distribution of several neuropeptides in the investigated pathways. 
Irrtergangllionic circuitry (Fig. 1) 
'The para~ym~path~elic pterygopal~atirre gangllion is sy~naptilcally in~nervated by sensory nerve 
terminals of fib~res origunating in the ophthalmic pad of the trigeminal ganglio~n (chapter 2);. 
Adjacent to the rostra1 part of the ptetygopalat~ne ganglio~n, an additional mrnor part was found. 
Cell bod~es within this part were found to be more spherical, with irregular outlines. The glial 
enwrapment of the nerve terminals seemed to be more loosely arranged in comparrson to that 
in the major rostra1 part of the pterygopalatine gangllon. Th~e sensory n~enjre terminals were 
distributed throughout the ganglion and were found tiol be ~rn~munor@active to SP, whereas only 
a few CGRR-immunoreactiv terminals were foundl. Werwe f~bres were ~rnmunoreactiwe for 
both neurolpeptidss 
Sy~mpathet~c nerve fibres of superior cervlcai or~gin course through the trigeminal and the 
ptlerygopalatine gangllon (chapter 3). No synaptic contacts, vesicle cantallfling tsrmin~als: or 
varicosities were found in these ganglia. Howewer, labelled sympathetic lhbres with 
accumulations of weslcles were found in both the trigemln~al and tlhe pterygopalatins ganglion. 
C1lose appositions between labelled and unlabelled fibres were Pound in tlhe pterygopalatin~e 
ganglion and were also found at the sltes of accumulat~on of vesicles. This finding may indicate 
some kinld of in'rerneuronal communication. 
Parasym~pathetrc frbres of' pterygopalatine origin course through the cil~lary gangllion (chapter 
4). These fibres were mainly unmyelinated and were frequently localized in closo proxirnrty to 
cell bodles of the ciliary ganglion. Pterygopaiatine terminals containrng numerous vesicles 
Fig. 9: Ilntergangl~oruic circuitry showing the sensoiy 
innervation (interrupted lines), the sympathetic 
innervation (solid I~nesJ, and the parasympathetic 
~nnervation (dashed I~nes). 
were also found with~n the ciliary ganglion. Howewer, no direct synaptic contacts welre found. 
It can be suggested that in the ciliary ganglion, pterygopalatine terminals most likely influence 
the ganglion cellls by non-synaptic release of neurotransmilte~rs or neuramodulators. On the 
accoun~t of previous literature, VIP seeinns to be a candidate for this. 
In addition to the pterygopalatine innervation, it was found that parasympathetic neurons, 
localized within the Edinger-Westphal nucleus (EW), synaptically innervate the ciliary ganglion 
cells (chapter 4). The clliary gangl~on does not contain sympathetic or sensoy nerve fibres. 
The innervation of the anterior eye segment ( ~ i g .  2) 
T~rigeminal nerve fibres in th~e cornea and iris stro~ma are unmyellinated and contain numerous 
wcricos~~uries packed with vesicles (chapter 2). Similar vesicle-contain~ng varicosi~tlles in the 
cornea end iris slroma were found to be immunoreactive to calcitoni~n gene-related peptidle 
(CGRP) and s~nbstance P (SP). CGRP- and SP-~m~munoreactive varicosities packed wnth 
vesiclies were also found directly adjacent to the sphincter and dilator m~uscles in the iris. 
Additionally, CGRP-immwnoreactive varicos~lies containing ves~cles were found in the corneal 
epithelium. These vesicle-containing varicosities of cornea and irus most likely represent 
slensory nerve terminals, from which th~e newropeptides SP and CGRP are released I I ~  
response to (ha~rrnful) stimuli in the eye. 
Sympathetic nerve fibres originating in the superior cervical ganglion densely ~nn~ervate he 
tissues of the alnterior eye segm~ent, with exception of the cor~nea, with terminals containing 
numerous vesicles of varying shape (chapter 33. The termlnals iln the iris, ciliary body and 
trabeculum all had a similar morphology. Since the cornea is not innervated by sympathetic 
fibres, the only source of corneal innervation is the sensory trlg~emunal ganglion. 
The choroid and lacrimal glands are irunewated by facial parasympathetic Rewe fibres and 
vesicle-contain~ng temlnels originat~ng ln the pteygcapalaline gangliam (chaptar 41, Wllthin tlw 
choraid, the arteries as well as the veins are innarwated by pteqgopalatlne newe terminals. In 
addition, numerotus terminals of similar ultrastructure, lacaliseldl in close proximlv to the 
chloroidal arteries and veins, were found to be immunoreact~ve to wasoactive intestln~a'l 
polypelptlde (VIP). The infracrrbibal lacrimal gland is mare dlenselly inmemated by 
ptewgopalatil~ne nerve fibres and terminals as compared ta the extraorbitell lacrimlal gla~nedi. 
These terminals, which may cantain YAP, were m~ainly localized withiln the connective tissue 
between the acinl and also in close proxlirnity ta the acinar cell~s. 
In the present stludy the innervation of the con~unctlva was not studied at the ultrastructwral 
level. However, earlier llght mlcroclopic studies (ten Tusscher, 1989) have indicated a dense 
innervation of the conjunctiva. These findings; have been included in fig. 2. 
Fig. 2: Anterior eye seg~ment l~nnervat~on show~ng the sensory ~nnewel~on (rnterrvpted lines), 
the syrnpather~c innr?~aElon i(soA~d I~nes), and the parasympathetic innewation (dashed lines). 
The ~nnematlon of 'the conlunctlhra was only studled at Irght microscopic level 
The findings of the present thesis furthe~r endorse that the ~pterygopalali~ne ganglion cauld be an 
important relay centre in the regulation of intraacular pressure (IQP]. A peiripheral refl~era loop 
within the eye related peripheral. nervous system may exist apart from a regulatoirylcentre In the 
central nervous system (Fig 3). Sensory rnput from the eye, which may be modulated by the 
neuropeptides SP and CSRP, is transferred to the lnigiern~inal ganglion vla the triglemrnal nerve. 
Pngemisoal nerve fibres synapZ~cally innervale pterygopalatlne gassglfon cells. SP and GGRP 
may act as rreurcltransmlflsrs or as neuromodwEators in this pathway. In turn, ptevgopalatlne 
nerve fibres innervats the charo~dal arterles and veins, wlth VIP as a possible neu~otransmiZler 
or neuromodulator. According to the vasodiatory effect of WIIP, blood flow coulld be regulated by 
@stabfishing vasodilatation !n both the choroldal arteries and velns. 
Sympathslic nerve Ilbres may influence IOF by the release! of uleurc~transrnitters or 
nauropeplides, such as neuropeptide Y I[G\IPY) and adrenaline. They may modulate the 
suggested peripheral reflex loop either in the trigemlnal ganglion or i~n the pterygopalatine 
ganglion. 
Fig. 3: Possible reflex loop wllthln the aye related per~plieral newous system 
The direct innervatlan of ccl'liary ganglion associated blood vessels by nerve fibres or~ginatlng 
in the Edingsr-Wsstphal nucleus {EW) allso suggests the existence of a ho~meostatic 
mechan~srn involved in the regwlatl~on of intraorbital plressure. For example, the venous 
resistance of the blood vessels in~to which the aqu~eous veins dram may be modulated by such 
a mechanism. 
Parasympathetic nerve fibres of pterygopalatine origiln also innruemate the lacrrmal gland. 
Harmful stimu'l~l to the eye trigger the peripheral release of SF and CGRP from sensory nerve 
fibres gllving rise to the ocular injury response, it seiemls llkely that the peripheral reflex loop, as 
dsiscrlbed ebave, would also be triggered, excitating pteryrgopalatlne neurons Including those 
~nnervati~ng the lacrimal gland. In this way tear secretion regulated by a peripheral reflex loop 
would accompany the local response to irrltatlve ocular stirnull. Choroidal vasodilalation could 
aiso be a part of this me-chan~sm. Changes In IOP rcouid be epiphenomena. 
At present however, in spite of all the speculations an the existence of reflex loops, it is still 
unclear how peripherali nerve fibres are capable of influencing other nerve fibres. Aparl from 
direct excitation by synaptic contacts more diffuse ~nodlul~adion of celis ex~~sts. Ephapt~~o: 
transmission between adjacent Fibres uln the peripheral nervous system occurs III pethclloglcal 
con~ditiens. AdditronaYly, numerous nemropeptides have been descri~bed quite recently As 
mentioned earl~leu* the function at most of these neurcfpeptides still is unknown. Moreover, the 
peptidergic characteristics of nerve fibres have been shown to alter in cerYehn conditions. 
Clearly further invesligat~on 1s needed to elucidate wh~lch nauropeptides are invialvad in the: 
innervation of the eye and eye related per~~pheral gangha. In addition, the precise ~TIechanlsm 
by which neurons of different orbgin and d~fferent peptidlergic charactsristlcs interact remelns to 
be elucidated. 
Om de homeostatische rnechan~isrnen te kunnen begrijpen die betrokken zijrr bij de regulatie 
van de oogdruk, is het belangrijk om de onderdelen van het ce~ntrale en penfere zenuwstelsel 
te kennen die hierbij een rol cpeleln. In hoa.fdatuk l is gepoogd om de belangrijkste gegevens 
samen te vatten die beirekking hebben ap de innervatie wan de aan het oog gerelateerde 
perifere ganglia en het voorste oogsegment. Ook wonden hierin lichtmicroscopische 
bevindingen op een rijtje; gezet, die handelen over de aanwezigheid van ~ A L F ~ T S B  neuropeptiden 
in zenuwen die met de innervatie van het oog te maken hebben. Deze neuropeptiden zijn 
magelijk betrokken bij de regulatlie van de oogdruk, maar hun preci~eze functie bij de innervatie 
van cen~trale en perifere systemen is zeer complex en nog steeds vri]wel onbekend. 
In dit proefschrift werd de onderlinge innervatie wan de aan het oog gerellateerde perifere 
ganglia samen met de innernatie van het voorste oogsegment bestudeerd in de rat, ap Iicht- en 
electronenmicroscapisch niveau. Hiertoe werden twee anterograde tracer- technieken 
toegepast. Ook werden immunoh-iistochennrsche technieken gebruikt arm de lokalisatie van 
diverse neuropeptiden in de onderzochte verbindingen vast te stellen, eveneens op Iicht- en 
electronenmicroscapisch niveau. 
Intergangliortair circuit (Fig. 18) 
Het pa~rasympatksche ganglion pterygopalatinum wordt geinnetveerd door sensore 
zeniuiwelnd~igingen afkomstig uit het ganglion tr~igemilinale. Deze zenuweindig~ngen bevatten 
vele synapsen (hoddstuk 2). Naast het rostrale gedeelte wan h~et ganglion pterygopalatinurn 
bleek nog een klein apart ga~nglion gedeelte te liggen. De celllichamen in dit gebied hadden een 
vrij onregelmatige ronde vorm. De zenuweii~n~digiingen i  dit gebied werden zeer losjes 
omgeven door satellietcellen, in tegenstelling tot de meer compacte omhulling door 
satellietcellen in het grote rostrale gedeelte van het ganglion pterygopalatinurn. De sensore 
renuweindigirr@n werden in het gehele ganglion gewanden. Ve/ele var- deze sensore 
;zsnuwaindIgiOingien in haf ganglion ptsrygopalatinum bleken SP te bevatten, terwijl CGRP 
slechts In een beperkt aantal zenuweindig~n~gle~n gevonden werd. Zenuwvezels bevatten beide 
newropeptiden. 
Syrnpntische zenuwvazlels afkomstig wit het ganglion cervicale superior lopen door het 
ganglion trigeminale en het ganglian pterygopalstinu~m (haofdstuk 3). Synapt~sche con~tacten 
werden echter nlet gevonden. Wel bleek een aantal ongemyeliniseerde zenuwvezels 
ophoplnge~n van blaasjes te bevatten op plaatsen waar ze dicht tegen elkaar waren gelegen. 
D#t suggereert dat er toch een vorm van informatie overdracht in deze ganglia zou kunnen 
bestaaai. 
Paraisylmpatische zenuwvezels afkomstig wit het ganglion pterygopalatinurn lopen door het, 
eveneens parasyrnpatische, ganglian ciliare. Deze vezels bleken voornamelijk 
ongemyeliniseerd te zijn en werden frequent dichtbij celliclhamen van het ganglion ciliare 
aangetroffen. Zenuweindigingen met blaasjes wereben ook gevonden in hetganglion ciliare, 
maar deze maakten geen cynaptisch cantact Deze parasyrnpaticche zenuweindigingen 
zouden de cellen iiin het ganglion ciliare kunnen beïnvloeden door middel wan vrije afgifte van 
neurobransmitter of rneuromodulatoren zoals VIP. 
Buiten de ipaoasyrnpatische innervatie vanuit het ganglion ptewgiapaiat~num, innerveren 
parasyrnpatische neuronen, die gelegen zijn in de nucleus rail Edinger-Westphail (EW), dia 
cellen in het ganglion ciliare door middel wan synapticclna contacten (hacsfdstuk 4). Door het 
ganglion clliare lopen geen sympatische of seincore vezels. 
Fig. A :  Interganglionaircircuit (ASen de Innervatie van het voorste oogsegrnenl (B). De sensore innervalje 
(onderbroken lijnen), de sympatische iinnervatie (getrokken lijnen) en de parasympatische innervatie 
(stippellijnen) rijn weergegeven. De innervatie van de conjunctiva werd alleen op Iicl-it- microecopisch 
niveau besludeerd 
De innervatie van het voorste oogsegmsrtt (Fig. 'I B) 
Trigeminale (sensore) zenuwvezels in he2 stroma van cornea en iris zijn ongemyeliniseerd en 
bevatten vele  erw wijdingen met blaasjes (hoéltdsfuk S). In soortgslijk~ verwijdingen met 
blaasjes in cornea en iris werden de neuropeptiden calcitonin gene-reilated peptide (CGRP) @n 
substance P (SP) aangetoond. CGRP en SP wenden ook aangetoond in zenuwvenvijdingen 
met blaasjes die vlak naast spiercellen van de iris sphiflcteren dilatator spieren gelegsn waren. 
Tevens werd CGRP aangetoond in zanuwwerwijdingen met blaasjes galggen iin het 
cornea-epitheel, Deze blaasjes-bevattende renuwvewijdingen In cornea en iris stellen 
waarschijniljk sensore zenuweindigingen voor, die de nieuropeptlden SP en CGRP bevatten en 
die kunnen afgeven in geval wan beschadigende impulsen in het oog. 
Sympatlsche zc3nuwuezels afkomstig uit het ganigl~on cervicale supertos; innemeren het gehele 
voorste oogsegment, met uilsendering van de cornea. De seniwweindigingerr bevatfen vele 
blaasjes {ktoctfdstuk 3) en hebben dezelfde morfologischs kenmerken in ins, corpus ciliare en 
trabac~ulum. Oe cornea wordt alleen geïnnerveerd door sensore zerrwwvezels afkomstig wrt het 
gangl,ion trigeminale. 
De choriaidea en de t~raanklleren worden geïnnerveerd ddoir parasyrnpatische renuwezels 
afkomstig uit hel ganglion ptierygopalatinum (hoofdstuk 4). Zowel de chairioideale arterign als 
de venen worde~n geïnnerveerd door deze parasympatische zenuuweindigingen. Het 
newropepti~de vasoactive i,ntestinal polypeptide /VIP) werd aangetoond in solc~rtgelijke 
~enuwsun~digingen i  ds chorioidea. In vergelijking met dle extraarbitale traanklier wordt de 
in~fraorbitale Iraainkliie~r rljkier geinnewieerd door parasympatische zenuweindig~ngen wan 
pteryg~opalatinerge oorsprong. Deze zenuweindigingen werden het meest frequent 
aangetoond in het bindweefsel t~ussen de acini en in de directe nabijheid van acinus-cellien. 
